Abstract-Seabed hydrocarbon detection by electromagnetic method is widely used for its effectiveness and efficiency. In this paper, we analyze the seabed survey and geometry from the reflection coefficient, develop a new algorithm and complete the software to calculate the EM response of VMD and HED source which is widely used in the seabed detection. At the end of the paper, we inverse the 1D response by least square method based on Monte Carlo method for initial selection. The simulation result shows that our algorithm is stable and efficient.
INTRODUCTION
In the hydrocarbon exploration, the seismic method is very important and can provide most information of the stratum and structure of the reservoir. But it is difficult to predict the existence of hydrocarbon with the elastic properties. For the relationship between the hydrocarbon and resistivity, the low frequency electromagnetic sounding has the potential of directly indicating the oil and gas [1, 12] .
The frequency and time domain electromagnetic sounding such as Long-Offset Transient EM (LOTEM), Controlled-Source Audio-Frequency Magneto-Telluric (CSAMT), are widely used in the hydrocarbon detection on land and seabed. In the recent years, the seabed logging provides the theory and cases for hydrocarbon detection [6] [7] [8] [9] using the refraction EM wave to detect high resistivity stratum at seabed. The seabed logging is widely accepted and it has the great potential in the expensive seabed hydrocarbon detection.
In this paper we analyze the reflection coefficient of high resistivity thin layer and discuss the potential to detect the layer by different EM modes which can be used for analyzing the measurement configuration. We calculate the responses of the TM and TE wave modes and analyze the difference. We develop a 1D inversion algorithm for multiple-layers by multiple frequencies using least square method based on the Monte Carlo method to avoid the inefficient and instability of the 2D and 3D inversion. The result shows that our algorithm is efficient and stable.
THE REFLECTION COEFFICIENT OF THIN RESISTIVITY LAYER
In the hydrocarbon detection, the layer bearing oil or gas always show high resistivity and thin in thickness. The low frequency EM with long wavelength has low resolution. In order to study the possibility of using EM wave to detection the layers and to analyze the survey configuration, we calculate the reflection coefficient of three layer model which consists of the upper layer and the lower half space (layer 1 and 3) separated by a thin resistivity layer (layer 2). According to [3] , the three layer EM plane-wave reflection coefficient isR 12 
where R ij is the reflection coefficient of layer i to layer j, T ij is the transmission coefficient of layer i to layer j, and R ij = 1 − T ij . For the TE and TM wave mode,
Due to the low frequency and low resistivity of the layer, the wave number can be written as
, where σ, µ, ε are conductivity, susceptibility and permittivity respectively. 
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The reflection coefficient vs. incident angle for different frequency.
From (1), we can calculate the refection coefficient of the three-layer model. The model is analog to seabed logging [7] . The first and third layer have the resistivity of 1 Ω·m, the dielectric constant of 20, and second layer has the resistivity of 50 Ω·m, and the dielectric constant of 6. Figure 1 shows the reflection coefficient vs. the incident angle. We can see that the reflection coefficient increases very fast as the incident angle increases up to a value and also increases greatly as the frequency increases. TheR 12 up to 1 by TE mode is faster than the one by TM mode. This means that when the offset increases to a certain level, the received EM energy decreases greatly which will be in favor to the refraction energy receiving. Figure 2 shows that the reflection response increases as the thickness of layer 2 increases. The two modes show that they are different in amplitude but same in shape. From these two figures, we can conclude that the thin high resistivity layer 2 can have large response in the low frequency EM detection and the large offset can be in favor to the refraction measurement which can be calculated from Figure 1 , and the frequency must be low enough to detect the deep reservoir. But for the complex resistivity structure of the reservoirs, it is difficult to apply the Low frequency EM wave to detect by refraction wave.
THE RESPONSE OF TE AND TM MODE FROM 1D MODEL
For the seabed hydrocarbon detection, the model can be simplified as layer model with the EM source embedded in the first layer [3, 4] . In our simulation, the model is four-layer model, and the source embeds in the bottom of the first layer [7] . We use the layer parameters as in [7] . The layer 1, layer 2 and layer 3 are 1000 m, 1000 m and 100 m in thickness and have resistivity of 0.1, 1, and 50 Ω·m respectively, and layer 4 has a resistivity of 1 Ω·m. In the calculation, the diameter of VMD and the length of HVD is 50 m. The current is 50 A. Figure 3 is the amplitude of magnetic field of VMD source vs. frequency in different offsets. We can see that the amplitude decreases as the frequency increases, and when the frequency increases to a value, the amplitude changes very small, which means that when the reflection coefficient increases to 1, the amplitude changes very little as the frequency increases.
Comparing Figure 3 with Figure 4 , we can see that the amplitude of Electric filed has the complex shape and change more in the higher frequency range. Figure 5 shows the responses as ---------------------------------------------------------------------------- Figure 3 : The responses Hz of VMD. Amplitude of Electronic field seawater depth changed of HED. We can see when the depth of seawater increases to 1000 m, the response does not change much comparing at 1500 m. We can conclude that, when the depth of seawater increases to 1000 m, it does not affect the response of seabed EM detection under this condition. Frequency (Hz) The Amplitude of Ez From the simulation, we can calculate the responses of the magnetic field and the electrical field faster and accurately, which prodi the basis of interpretation and inversion.
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THE REAL-TIME INVERSION METHOD AND SIMULATION RESULTS
The interpretation of low frequency electromagnetic detection is needed to find the geometry and properties of the underground structure and layers. The inversion is a very important for above purpose. But for the multi-frequency detection, 2D and 3D inversion methods usually cost too much computation time or unstable. So 1D inversion is also very important in detection. But for multilayer seabed hydrocarbon detection, there are many parameters to be inverted such as layer thickness and properties. In this paper we use the least square method based on Monte Carlo method to reduce the instability and to increase the convergence rate.
Let f (X) be the objective function, D be the measure data, G(X) be the response of the model, and R(X) be the fit residual vector, and X be the vector. Then the inverse problem can be induced as the optimal problem:
From (1), we use the Marqardt damping least square method [5, 10] to get ∆P , and get the
where I is the unit vector, and α is the damping factor. In our problem, there are 4 or more layers, the problem is nonlinear and there are more parameters of the responses. Equation (1) has more solutions and therefore the problem is ill-posed. We apply the Monte Carlo method to find an optimal [11] . The solution from the Monte Carlo method is used as the initial value for the Marqardt least square method.
According to the method mentioned above, we invert the layer 3 using the HED source length of 50 m. The transmitter and receiver is located on the seabed at same the height of z = h = 1000 m. The model parameters are ρ 1 = 0.1 Ω·m, ρ 2 = ρ 4 = 1 Ω· m, ρ 3 = 50 Ω· m, h 1 = 1000 m, h 2 = 1000 m, and h 3 = 100 m.
We can see that the algorithm is accurate and also very fast. In the calculation, we obtain most of the parameters. From the result, we can see the 1D inversion method can be used in real-time detection. Initial logarithm fit covariance 11.23The covariance after 15th iteration: 0.039
CONCLUSIONS
We study low frequency EM detection in the seabed in the following three aspects: the reflection coefficient calculation, field responses simulation and inversion. From our study, we conclude that:
(1) by the study of reflection coefficient, we can determine the survey geometry and the offset to detect the seabed layers; (2) we also complete the software in MatLab to calculate the response of different dipoles and different fields; and (3) the 1D inversion of the layer model shows that our method is stable and efficient which can be used in the real-time interpretation of survey result in the field.
